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ELECTROSURGICAL INSTRUMENT WITH
NEEDLE ELECTRODE

This application claims the benefit of prionty to U.S. Pro-
visional Application 60/695,692 enftitled Multielectrode
Electrosurgical Instrument filed Jun. 30, 2003, the entire con-
tents of which are hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to surgical methods and appa-
ratus, and more particularly to applying electrosurgical power
to a tissue site to achieve a predetermined surgical effect.

BACKGROUND OF THE INVENTION

The potential applications and recognized advantages of
employing electrical energy 1n surgical procedures continue
to increase. In particular, for example, electrosurgical tech-
niques are now being widely employed to provide significant
localized surgical advantages in open, laparoscopic, and
arthroscopic applications, relative to surgical approaches that
use mechanical cutting such as scalpels.

Electrosurgical techniques typically entail the use of a
hand-held mnstrument that contains one or more electrically
conductive elements that transfer alternating current electri-
cal power operating at radio frequency (RF) to tissue at the
surgical site, a source of RF electrical power, and an electrical
return path device, commonly in the form of a return electrode
pad attached to the patient away from the surgical site (i.e., a
monopolar system configuration) or a return electrode posi-
tionable 1 bodily contact at or immediately adjacent to the
surgical site (1.e., a bipolar system configuration). The time-
varying voltage produced by the RF electrical power source
yields a predetermined electrosurgical effect, such as tissue
cutting or coagulation.

During electrosurgical procedures electric current flows
through one or more conductive elements, the active elec-
trodes, and transfers electrical current to tissues, often with
coincident sparks or arcs of electricity occurring between one
or more electrodes and tissues. The overall process causes
heating of tissue and the electrode metal. Tissue heating
causes tissues to break into fragments or otherwise change
into materials that generally differ physically and chemically
from the tissue before 1t was ailected by electrosurgery. The
tissue changes at the surgical site, such as charring, interfere
with normal metabolic processes and, for example, kill tis-
sues that remain at the surface of incisions. The changes 1n
tissues caused by electrosurgical energy, such as killing parts
of tissues, are known to interfere with healing at the surgical
site.

Beyond damaging tissue at the surgical site, conventional
clectrosurgery has other drawbacks which limait 1ts applica-
bility or increase the costs and duration of procedures.
Induced heating of tissues and electrodes causes smoke
plumes to 1ssue from the tissue. Smoke obscures the field of
view and hinders surgical procedures and 1s also a known
health hazard. Controlling smoke once it has formed 1s prob-
lematic, requiring the evacuation of large volumes of air 1n
order to capture an appreciable fraction of the smoke with
wands that are close to the surgical site where they are in the
way, and adds costs 1n both additional equipment and labor.

The induced heating also generally causes tissue that has
been altered by electrosurgery to adhere to and partially coat
clectrosurgical electrodes. The tissue fragments that adhere to
clectrodes and coat the electrodes 1s called “eschar.”” The
coatings on blades that form from tissue and tissue fragments
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are typically rich 1n carbon and contain various compounds
that tend to make the coatings electrically conductive when
energized by the type of power used for electrosurgical pro-
cedures. Eschar inhibits the effectiveness of electrosurgical
devices and must frequently be removed, hindering surgical
procedures.

Despite advances in the field, electrosurgical blades con-
tinue to suller from one or more of the problems of producing
smoke, having maternials from tissues coat the blades, and
damaging tissue. Therefore, a need exists to improve perior-
mance 1n each of these areas. Historically, electrosurgical
blades have generally not given consideration to the chemical
reaction environment and conditions that occur where the
clectrosurgical energy interacts with tissue by considering
factors such as the propensity of tissue to become trapped 1n
regions that lead to prolonged residence times at reactive
conditions that lead to producing smoke and materials that
coat blades to form eschar. Likewise, prior art electrosurgical
blades did not consider the conductive pathways that can be
formed by tissue fragments adhering to blades and the effects
that these built-up conductive pathways have on producing
smoke, producing more materials that can further coat blades,
and the eflfects that these have during electrosurgery.

SUMMARY

Various embodiments provide an apparatus, and methods
for using the apparatus, in electrosurgery that controls the
environment 1n which electrosurgical energy transiers to tis-
sue.

The various embodiments employ a needle electrode hav-
Ing a geometry, composition or a combination ol needle
geometry and composition to reduce or prevent smoke pro-
duction, eschar accumulations, or tissue damage. The
embodiments focus electrosurgical energy to a small amount
of tissue for a short duration compared to the amount of tissue
and duration than 1s customary during electrosurgery using
conventional technology. Various embodiments yield less
eschar accumulation on the electrosurgical instrument by
providing an exterior surface of the mstrument with a shape
that facilitates movement of tissue decomposition products
away from the active region of the conductive element. The
active region 1s a region on the conductive element where
clectrosurgical energy transiers from the blade to tissue. In
some embodiments, the tapered configuration includes an
clectrically conductive element with a tapered section. In
some embodiments, the tapered configuration includes con-
figuring an isulating layer with a tapered section. In various
embodiments, insulation on the conductive element has a
surface free energy that reduces the propensity for electrosur-
gical decomposition products (defined herein) to stick to the
surface. In various embodiments, the shape of the needle
minimizes the duration that the active region 1s near any
particular portion of tissue as the needle 1s moved through
tissue as during an incision.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated
herein and constitute part of this specification, illustrate
embodiments of the invention, and, together with the general
description given above and the detailed description given
below, serve to explain features of the invention.

FIG. 1 portrays a cross-section of a blade that has been
insulated whereby the outer taper to the edge 1s defined by a
single smooth curve at the conductor edge.
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FIG. 2 portrays a magnified section of the region where
clectrosurgical energy interacts with tissue for the blade 1llus-
trated 1n FIG. 1.

FIG. 3 portrays a magnified section of the region where
clectrosurgical energy interacts with tissue for the blade 1llus-
trated 1n FI1G. 2 and shows the blade depth and half-width.

FI1G. 4 portrays a cross-section of a blade with a conductive
clement that has a concave taper that has been insulated
whereby the outer taper to the edge 1s not defined by a single
smooth curve at the conductor edge.

FI1G. 5 portrays a cross-section of a blade with a conductive
clement that has a substantially flat taper that has been 1nsu-
lated whereby the outer taper to the edge 1s not defined by a
single smooth curve at the conductor edge.

FIG. 6 portrays a cross-section of a blade with a conductive
clement that has a concave taper that has been insulated
whereby the outer taper to the edge 1s not defined by a single
smooth curve at the conductor edge and that shows the insu-
lation angle.

FI1G. 7 portrays a cross-section of a blade with a conductive
clement where the outer taper to the edge 1s defined by a
single smooth curve at the conductor edge showing the insu-
lation angle.

FI1G. 8 portrays a cross-section of a blade with a conductive
clement that has a concave taper that has an overall profile that
has a taper that transitions from curved to approximately flat
at the edge of the blade.

FIG. 9 portrays a cross section of a blade having a conduc-
tive element that has a concave taper and a concave overall
taper to an edge.

FIG. 10 portrays a side view of a blade with two exposed
edges at an obtuse angle.

FIG. 11 portrays a side view of blade with two exposed
edges at an obtuse angle 1n relation to making a tissue 1nci-
S1011.

FIG. 12 portrays a side view of blade with two exposed
edges at an acute angle in relation to making a tissue 1ncision.

FIG. 13 portrays a side view of blade with one exposed
edge 1n relation to making a tissue mncision.

FIG. 14 portrays a side view of a needle electrode 1n rela-
tion to tissue.

FIG. 15 portrays a perspective view of a needle electrode
having a square cross sectioned conductive element.

FIG. 16 portrays a perspective view of a needle electrode
having a cylindrical conductive element.

FI1G. 17 illustrates an electrosurgical instrument including
a holder and needle according to an embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The various embodiments will be described 1 detail with
reference to the accompanying drawings. Wherever possible,
the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

As used herein, the terms “about” or “approximately” for
any numerical values or ranges indicates a suitable dimen-
sional tolerance that allows the part or collection of compo-
nents to function for 1ts intended purpose as described herein.
Also, as used herein, the terms “patient”, “tissue” and “sub-
ject” refer to any human or animal subject and are not
intended to limit the systems or methods to human use,
although use of the subject mvention on a human patient
represents a specific embodiment.

All devices that may be used to produce a predetermined
surgical effect by applying RF power to tissue, including
needle electrodes, may be referred to herein as electrosurgical
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“blades” due to their function of partial or complete removal
ol one or more parts of tissue (including changing the struc-
ture such as by at least partially denaturing or decomposing),
regardless of their size, shape, or other properties. Use of the
term “‘blade” herein 1s not intended to restrict the description
or any embodiment to a particular shape or configuration.
While various embodiments pertain to generally planar ele-
ments which may resemble a conventional scalpel blade,
other embodiments encompass element configurations which
are dissimilar from conventional blades, including, for
example, needle, hook and curved configurations.

Reference herein to the purpose and effects of electrosur-
gical devices as producing “a predetermined surgical effect”
encompasses all potential effects generated during electro-
surgery. The predetermined surgical effect include, but are
not limited to: causing a partial or complete separation of one
or more tissue structures or types, including, but not limited to
making electrosurgical incisions; cause partial or complete
removal of one or more parts of a tissue; changing the struc-
ture of tissue, such by at least partially denaturing or decom-
posing tissue; cutting; hemostasis (such as by inducing
coagulation); tissue welding; tissue sealing, and tissue
shrinking. Commonly, multiple predetermined surgical
elfects occur stmultaneously, such as cutting and hemostasis
both occurring as incisions are made.

Although they may have various forms, all sources of RF
power used to power electrosurgical blades will be referred to
herein as electrosurgical units and abbreviated by ESU.

The terms “electrode” and “conductive elements™ are used
interchangeably herein to refer to similar structures without
intending to communicate or imply a difference 1n structure
or limitation on any embodiment or claim of the present
invention.

Electrosurgical devices come 1 two common varieties,
monopolar and bipolar. Monopolar electrosurgical blades
connect to an ESU using a wire while a separate return pad 1s
connected to the ESU by another wire. Bipolar electrosurgi-
cal blades connect a set of one or more active electrodes to the
ESU with one or more wires and connect another set of one or
more return electrodes to the ESU with one or more other
wires, wherein the active electrode or electrodes and return
clectrodes or electrode are connected together so that RF
energy may be conveyed through one or more conductive
media that contact at least one tissue with such connections
between electrodes being either permanent or temporary,
such as by being separately inserted into a clamping device or
a handle with such connection being fixed or moveable, such
as a sliding connection.

The present mventors have recognized that reducing the
amount of energy applied to tissue reduces tissue breakdown
and that the amount of applied energy can be reduced by
reducing the exposure to electrosurgical power (where elec-
trosurgical power 1s the rate at which electrosurgical energy 1s
applied) either by reducing the power level, the time of expo-
sure to electrosurgical power, or by reducing both the power
level and the time of exposure. Various embodiments reduce
the amount of energy to which tissue 1s exposed by proper
selection of blade geometry, blade materials, and the amount
of power used.

More generally 1n this regard, energy discharge from elec-
trosurgical instruments may be 1n the form of electrical
energy and/or thermal energy. Flectrical energy 1s transferred
whenever the electrical resistance of a region between an
clectrosurgical instrument and tissue can be broken down by
the voltage of the electrosurgical power. Thermal energy 1s
transierred when thermal energy that has accumulated in the
clectrosurgical instrument overcomes the thermal resistance
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between the instrument and the tissue (1.e. due to temperature
differences therebetween) and 1s transterred to tissue by con-
duction, radiation and/or convection. Transferring electrosur-
gical energy to tissue occurs at portions of the electrosurgical
istrument which cause the desired surgical effect, such as
forming an incision. Such portions of the instrument are
called functional areas. All other portions of the electrosur-
gical instrument are nonfunctional, and transier of electrosur-
gical energy to tissue from these portions should be mini-
mized. Electrosurgical energy may be transierred to tissue
without direct contact with the functional area by means of
clectrical sparks and radiative and convective heat transier. As
used herein, the term “‘contact” relating to the position of
blades or electrodes near tissue encompasses both actual con-
tact and positioning of a functional area close enough to tissue
for transter of electrosurgical energy to occur.

Pyrolysis 1s the breakdown of molecules into smaller moi-
cties by the action of heat (physical fragmentation), typically
tollowed by subsequent recombination of these thermal frag-
ments to form larger species. As used herein, the term ““elec-
tropyrolysis™ refers to the process whereby electrical energy
in the form of sparks or arcs interacts with tissue to break
down tissue constituents by heat, electron interactions with
materials, photon interactions with materials, or any combi-
nation of these.

In general terms, electrosurgery 1s the process by which
high voltage (e.g., voltages greater than about 100 volts)
clectrical power 1s applied to tissue to achieve a predeter-
mined surgical effect. Such voltages are typically employed
as high frequency (e.g., frequencies greater than about 5 kHz)
and most commonly use frequencies greater than about 100
kHz to reduce neuromuscular stimulation. The energy 1s
transierred to tissue at the surgical site using one or more
clectrodes. Electrical energy 1s transierred as well as thermal
energy which comes from electrodes becoming hot as elec-
trical power moves through them, producing I°R power losses
which manifest themselves as heat, some of which 1s trans-
ferred to tissue via conduction, radiation, and convection. As
used herein, the term “electrosurgical energy” refers to all of
the energy transierred to tissue during electrosurgery, regard-
less of form or transier mechanism, and including both elec-
trical and thermal energy.

Without restriction to any particular theory ol operation
regarding its form or method of use, the following descrip-
tions of processes during electrosurgery are provided to 1llus-
trate one or more candidate processes that could be present
during electrosurgery to facilitate subsequent descriptions of
the various embodiments.

Tissue breaks down where sparks or hot metal contact 1t.
This breakdown of tissue 1s believed to be caused by rapid
heating of tissue where electrosurgical energy, principally
clectrical sparks and thermal energy from hot metal, contacts
tissue and electropyrolysis and hydrolysis lyse tissue con-
stituents.

During electrosurgery a variety of reaction products are
produced. Electropyrolysis 1s believed to be a cause of tissue
breakdown during electrosurgery. One result of electropy-
rolysis during electrosurgery is the production of hot water
and steam which promote hydrolysis of tissues. For example,
clectropyrolysis and hydrolysis are believed to break down
proteins and produce a range of products, including cyclic
and linear polypeptide materials. Electropyrolysis 1s also
believed to be the process by which electrosurgery 1s able to
cut or otherwise break down tissues that have a cellular struc-
ture (e.g., muscle tissue) as well as tissues that do not have a
cellular structure (e.g., collagen fibrils 1n ligaments).
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Beyond electropyrolysis products, other electrosurgery
products are also formed. Most notable are changes 1n state in
which maternials change their state (e.g., steam forming when
water changes from liquid to gas) but are otherwise not
changed chemically. During electrosurgery some products
have altered structure, but otherwise retain their chemaical
identity, such as when proteins denature and then refold into
shapes different from those prior to denaturation. During
clectrosurgery some products retain their chemical structure
and state, but change physically 1n other ways (e.g., air being
heated so that its specific volume increases).

Finally, some electrosurgery processes can cause materi-
als, such as cellular contents or viral particles, to be liberated
or moved with a stream of other maternials, such as being
conveyed by flowing steam or hot air produced during elec-
trosurgery.

Collectively, all of the materials produced or altered during
clectrosurgery, including those from electropyrolysis, change
of state, change of structure, change of volume, and liberation
are referred to heremn as the “products of electrosurgery,”
“electrosurgical decomposition products,” or “electrosurgi-
cal products”. The collection of processes that break down or
alter tissues during electrosurgery are referred to here as
clectrosurgical tissue decomposition processes.

Some of the resulting materials form smoke or steam and
some of the resulting materials form substances that stick to
blades. When electrosurgery 1s performed 1n a gaseous envi-
ronment, such as air or carbon dioxide, particularly when
incisions are made, a common result using conventional tech-
nology 1s a smoke plume. The smoke plume 1s believed to
consist primarily of pyrolysis and electropyrolysis products,
including steam and hot air along with materials such as
cellular contents and other entrained materials.

When electrosurgery 1s performed, including when 1nci-
s1ons are made, some of the products of electrosurgery form
deposits on electrodes contacting or 1n close proximity to
tissue. These deposits, called eschar, are believed to begin
forming when sticky materials, such as denatured proteins,
adhere to electrode surfaces. Other materials may also be
mixed in with the sticky matenals. As electrosurgery pro-
ceeds, thermal energy continues to pyrolyze these matenials
on the electrodes leading to the production of substances
having a higher carbon:hydrogen content than the starting
materials. Some resulting materials conduct electricity at the
voltages used, perhaps due to the presence of 10ns from salts
or by having high carbon contents, and form an electrically
conductive coating on the blade, even 11 the blade’s surface 1s
coated with an 1nsulating coating. Therefore, eschar forma-
tion on the outside of an insulated electrode that has, for
example, only an edge exposed, can have an electrically
active area that extends from the exposed edge because of
conductive eschar deposits forming on the blade’s surface
and being 1n electrical contact with the exposed edge. This
conductive deposit can expose more tissue to prolonged
exposure to electrical energy.

The amount of electrosurgical products produced depends
upon the amount of energy applied to tissue, the rate at which
the energy 1s applied, and the length of time that tissue 1s
exposed to sources of the energy. While conventional elec-
trosurgical systems have attempted to control these factors by
means ol ESU settings, the present inventors have recognized
that the configuration of electrosurgical blades also affect the
time and amount of energy applied to portions of tissue, and
thus to the generation of electrosurgical products. For
example rough blade functional surfaces tend to retain tissue
fragments and thus expose such tissue fragments to electro-
surgical energy for longer durations than occurs when the
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blade has smooth functional surfaces. If recesses or pockets
ex1st where material can be held 1n place 1n close proximity to
the functional surfaces, the residence time for chemical reac-
tions to occur increases for trapped materials. With increased
residence time, more lysis occurs, leading to increased smoke
and eschar production. As low molecular weight materials are
lysed from trapped materials they leave as smoke and gases
that are relatively rich 1n hydrogen, leaving behind an increas-
ingly carbon-rich material. This material 1s eschar. When
deposited on the surface of an insulating layer 1t effectively
widens the electrically conductive edge, which exposes more
tissue to electrosurgical energy and increases the time at
which tissue 1s exposed to lysing conditions. Exposing more
tissue to lysing conditions and exposing tissue for longer
periods to such conditions causes more smoke and eschar to
form, and thus 1t 1s desirable to prevent or reduce the occur-
rence of such conditions.

Using cutting as an example electrosurgical process, the
power settings typically used during electrosurgery employ-
ing conventional electrosurgical systems are over 30 Watts,
and often are on the order of 40 to 100 Watts. Theoretically,
the amount of power required for cutting 1s much lower,
between about 2 and 15 Watts. The surplus power beyond that
theoretically required drives unwanted reactions such as the
production of smoke and eschar as well as overheating tissue
that kills cells.

The various embodiments employ blade geometry, blade
composition or a combination of blade geometry and com-
position to reduce or prevent smoke production, eschar accu-
mulations, or tissue damage. The embodiments focus elec-
trosurgical energy to a small amount of tissue for a short
duration compared to the amount of tissue and duration than
1s customary during electrosurgery using conventional tech-
nology. In the embodiments, the electrosurgical energy tlows
from a conductive element that 1s surrounded by insulation
except for an exposed edge or point. Providing a relatively
small exposed edge or point on the conductive element
restricts RF energy flow to this portion of the conductive
clement, minimizing energy transier from the rest of the
conductive element which 1s covered by insulation. In some
embodiments, the exposed edge on the conductive element
can be formed by tapering down the insulation covering from
its thickness at the wide part of the conductive element to
mimmal thickness adjacent to the exposed edge, as 1llustrated
in FIGS. 4 and 5. In other embodiments, the conductive
clement geometry ends in a point that 1s not covered by
insulation, as also 1llustrated 1n FIGS. 4 and 5.

Various embodiments comprise electrosurgical instru-
ments that use blade shape and composition to reduce the
production of smoke and eschar by, among other methods,
reducing the time that materials are exposed to electrosurgical
energy. The result 1s reduced smoke production, reduced
eschar production, and reduced tissue damage.

Various embodiments include electrosurgical instrument
teatures that promotes the free flow of electrosurgical decom-
position products such as steam, gases, and vapors away from
regions near the functional surfaces where electrosurgical
energy interacts with tissue and such gaseous decomposition
products form It 1s believed that facilitating the flow of gas-
cous decomposition products away from the functional sur-
faces where they are generated reduces the local gas pressure
in the vicinity of the functional surfaces which would other-
wise rise with the buildup of gaseous products. By reducing,
the pressure and promoting the flow of electrosurgical
decomposition products, the conditions which cause pyroly-
s1s and electropyrolysis of tissue and electrosurgical products
are reduced, particularly in the vicinity of the functional
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surface just removed from where the desired electrosurgical
elfect occurs. It 1s believed that continued pyrolysis and elec-
tropyrolysis of electrosurgical decomposition products leads
to more generation of smoke and eschar. Thus, by reducing
pressure, and thus temperatures, in the vicinity of the func-
tional surfaces and facilitating the escape of electrosurgical
decomposition products, generation of smoke and eschar can
be substantially reduced.

In various embodiments, the electrosurgical instrument or
blade features a narrow surface, edge or point 1n the vicinity
of the tunctional area that reduces the length of the path that
gases or vapors must traverse from the point of generation to

reach ambient conditions, thus the distance and time during
which decomposition products are exposed to high tempera-
tures. In such embodiments, examples of which are illustrated
in F1GS. 4-9, the functional surface 1s an edge of the blade that
has at least one dimension (such as thickness) which 1s less
than the corresponding dimension (such as thickness) of non-
functional surfaces. In various embodiments, the edge or
point 1s comprised of a metal conductor that 1s surrounded by
insulation except for a section where the metal 1s exposed. In
such embodiments, the outer profile of the insulation where
the metal conductor 1s exposed 1s thinner than the outer profile
at a distance removed from the exposed surface. In an
embodiment, the edge or point 1s shaped so that 1t forms an
acute angle where 1t comes 1n close contact with tissue during
use. This aspect of the embodiments reduces the local gas
pressure compared to, for example, a blade that has a rela-
tively flat surface shape adjacent to the functional surface,
such as when the combination of the insulation and conduc-
tive element form a round or parabolic profile, such as illus-
trated 1n FIGS. 1 and 2. In some embodiments, the edge 1s
formed by tapering the profile so that the radial dimension at
the functional surface 1s less than the radius of part of the
nonfunctional surface of the blade. This configuration 1s not
limited to planar blades and 1n an embodiment 1s employed 1n
an electrosurgical instrument having a generally circular
cross section, a configuration that 1s most commonly referred
to as a needle electrode, such as 1llustrated 1n FI1G. 14-16.

In other embodiments, the shape of the blade 1s configured
such that when 1t contacts tissue and 1s moved through tissue,
the amount of time that a tissue surface 1s adjacent to the
functional surface 1s reduced or minimized. In some embodi-
ments, the shape of the blade 1s configured such that 1t sub-
stantially has only a single line or point of contact of the
functional surface with tissue. Such embodiments differ from
conventional electrosurgical blades which typically allow
clectrosurgical energy to flow into tissue from both the edge
and the sides of the blade. Some embodiments, an example of
which 1s 1llustrated 1n FIG. 13, also difter from conventional
blades that have two edges that are substantially not collinear,
such as come to a form a 120 degree angle as 1llustrated 1n
FIG. 10, such that one of the edges could be held approxi-
mately parallel to the tissue during use. Conventional blades
of this configuration allow the same section of tissue to be
exposed to electrosurgical energy over the entire time that the
parallel section contacts the section of tissue, as illustrated in
FIG. 11. Previous needle electrodes have terminated 1n a tip
and been conductive along at least a portion of the wider shaft
that terminates 1 a tip. The various embodiments of the
present invention cover insulating the needle for at least a
portion, and possibly all, of the shait that terminates 1n the tip.
In one embodiment, part of the shait may taper to one or more
clongated sections and from an edge and then again have an
insulated portion that transitions to a tip as illustrated 1n FIGS.

14-16.
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In various embodiments, the electrodes have functional
surfaces 1n which the conductive elements are strictly convex
in shape and thus do not contain recesses. Strictly convex
surfaces do not have recesses 1n which tissue or electrosurgi-
cal decomposition products may become trapped. If tissue or
clectrosurgical decomposition products becomes momen-
tarily trapped 1n a recess, such materials are exposed to elec-
trosurgical energy and high temperature for a longer time,
leading to generation of smoke and eschar. Such embodi-
ments differ from conventional blades which have a noncon-
vex surface of the outer insulating surface where 1t extends to
the edge of a metal electrode leaving the electrode slightly
recessed 1nto the mnsulation.

In various embodiments, the blade includes an outer 1nsu-
lating layer made of one or more materials selected to reduce
thermal/electrical discharge from non-functional portions of
the electrodes. In an embodiment, such an 1nsulating layer
surrounds at least a portion of bipolar electrodes. In various
embodiments, the outer insulating layer has a thermal con-
ductance of about 1.2 W/cm2° K and a dielectric withstand
strength of at least about 50 volts. Such an insulating layer
may advantageously comprise one or more materials with
pores that have been sealed on the exterior surface to prevent
biological materials from entering the pores. In an embodi-
ment, such sealing material may contain one or more of
various silicate materials or materials that form silicates. Inan
embodiment, at least part of the outer insulating layer or the
substance bonding at least one pair of electrodes may com-
prise one or more materials that include one or more silicate
materials and one or more hydrolysable materials that in
combination form a thermally insulative substance that by
itsell 1s essentially hydrophobic and does not allow biologic
material to penetrate its surface.

In various embodiments, one or more of the electrodes are
metal with the electrodes having a thermal conductivity of at
least about 0.35 W/cm® K. Such electrode metals may com-
prise a metal selected from the group: gold, silver, aluminum,
copper, tantalum, tungsten, columbium, and molybdenum,
and alloys thereof. In various embodiments, one or more of
the electrodes may be coated or plated with a substance or
clement that imparts resistance to oxidation, such as a plating
of gold or silver.

In some embodiments of a bipolar blade, the electrodes
comprise three conductive layers spaced apart by intermedi-
ate electrical insulation layers, wherein the intermediate layer
defines a peripheral edge portion of reduced cross-section
(e.g., about 0.001 inches thick or less) for electrosurgical
power or direct current power transmission. Such an interme-
diate layer may comprise a metal having a melting point of at
least about 2600° F.

A heat sink structure may be included in various embodi-
ments to establish a thermal gradient 1n the blade away from
functional areas (i.e., by removing heat from the electrode). In
an embodiment, the heat sink structure comprises a phase
change matenal that changes from a first phase to a second
phase upon absorption of thermal energy from the electrodes.

In various embodiments, the insulation 1s selected and
fabricated so i1t has a surface free energy that reduces the
propensity for electrosurgical decomposition products to
stick to the surface. In some embodiments, at least the edge of
the conductive element 1s composed of a material thatreduces
the propensity for electrosurgical decomposition products to
stick to the surface and that 1s configured with a geometry that
promotes the flow of thermal energy away from the edge
when electrosurgical energy 1s being applied to tissue.

In the various embodiments, at least one electrically con-
ductive element 1s electrically connected to an ESU. When
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connected to an ESU, RF current will flow from the electri-
cally conductive element when contacting or in close prox-
imity with an electrically conductive medium such as tissue
or an electrically conductive liquid or vapor.

The wvarious embodiments described generally above
maybe understood by reference to the example embodiments
illustrated in the figures, which will now be described in more
detail.

Referring to FIG. 1, an electrically conductive element 1,
which 1s typically metallic, can be surrounded by msulation 2.
The conductive element 1 may be of any number of shapes,
such as, but not limited to: substantially flat; having one or
more curves; shaped as closed curves, such as rings or hoops;
shaped as nonclosed curves, such as semicircles or crescents;
planar; nonplanar, such as curved spatulas; having bends or
curves, such as hooks; encompassing volumes, such as cups
or cylindrical volumes; substantially blunt; having one or
more regions that taper from one thickness to a lesser thick-
ness; having opposing faces, such as forceps or scissors; and
having one or more openings, such as holes, meshes, pores, or
coils.

The conductive element 1 can have a tapered section 3.
Additionally, the msulation 2 can have a tapered section 4.
The combination of tapers on the conductive element 1 and
the insulation 2 can produce bevels that transition down to the
conductor edge 5. This leaves the conductor edge 5 exposed
(1.e., not covered by insulation) so that electrical energy can
transter to tissue from the edge via conduction or capacitive
clectrical coupling, or both conduction and capacitive cou-
pling, including with or without other energy transier mecha-
nisms that may be facilitated by an exposed edge including
energy conveyed by conduction or radiation or a combination
of conduction and radiation. The conductive element tapered
section 3 provides a cross sectional profile that reduces the
width of the conductive element 1 to form the conductor edge
5. The tapered section 3 may be reduced on one side of the
profile or both, and may take on a variety of shapes as the
width 1s reduced. For example, the cross sectional profile may
include a radius of curvature that produces a concave profile,
as 1llustrated 1n FIG. 1. As another example, the cross sec-
tional profile may have a predominately flat profile, as 1llus-
trated 1n FIG. 5. Further, the cross sectional profile may have
multiple radi1 of curvatures producing a cross sectional pro-
file which combines concave and convex sections.

The conductor edge 5 1s the portion of the conductive
clement 1 exposed from the msulation 2. In some embodi-
ments, the conductor edge 5 1s positioned at the edge of the
blade. The conductor edge 5 1s intended to be used 1n close
proximity or touching tissue 6, as illustrated in FIG. 1. A
narrow gap region 7 between the conductor edge 5 and tissue
6 1s where electrosurgical energy interacts with tissue 6 via
the transmission of electrosurgical energy.

In the blade configuration shown 1n FIG. 1, the outer profile
of the tip end of the blade 1s approximately parabolic. As a
result, 1n the vicinity of the conductor edge 5, the outer profile
defined by the insulation 2 1s relatively wide compared to the
thickness of the conductor edge 5. This aspect of the blade 1s
shown more detail 1n FIG. 2.

FIG. 2 1s a magnified view of the area around the narrow
gap region 7 illustrated 1n FIG. 1. Shown are electrical con-
ductive element 1, outer msulation 2, conductor edge 5, and
tissue 6. Sparks and other means of electrosurgical energy
transier occur mostly in the primary reaction region 18, pro-
ducing electrosurgical decomposition products which are
depicted by the dashed arrows 19. The electrosurgical decom-
position products 19 include gases, such as steam, entrained
particles, and liquids that have been heated. The volume of
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clectrosurgical decomposition products 19, particularly the
gases, will increase local gas pressure 1n the region 18 that
force the electrosurgical products out through the gap formed
between the tissue 6 and the combination of the blade 1nsu-
lation 2 and conductor edge 5. For clarity, only one conductor
1s shown 1n FIGS. 1 and 2, whereas 1n various embodiments
multiple electrodes may be present.

The flow of the electrosurgical decomposition products 19
away from the functional area may be inhibited by the viscous
drag that results from the narrowness and length of the gap as
well as the tortuousity of the path due to the roughness of the
tissue, roughness of the blade, and contact between the tissue
6 and the insulation 2 or conductor edge 5. The more the tlow
of electrosurgical decomposition products 19 1s inhibited, the
greater the local pressure rise and the longer the reaction
products remain exposed to high temperatures 1n the region
18. In use, tissue 6 which contacts the insulation 2 1n the
primary reactionregion 18 may form temporary sealed pock-
ets of gas, Turther inhibiting flow of reaction products. The
inhibited flow from either viscous drag or temporarily sealed
pockets 1s exacerbated when the blade 1s pressed into the
tissue 6 by the user as a natural part of the surgical incision
process. The result of these overall interactions 1s that the
clectrosurgical decomposition products 1n the gap region 18
between the tissue 6 and the insulation 2 and conductor edge
5 becomes pressurized to suilicient pressure to expel reaction
products to achieve an approximate and temporary equilib-
rium between the rate of material forming and the rate of
matenal leaving the region 18.

Even when the local pressure 1s high enough to force elec-
trosurgical products from the primary reaction region 18, the
resulting local temperature can be high enough to promote
rapid pyrolysis and cause electropyrolysis to occur. A major
constituent of many tissues 1s water. The conversion of water
to steam 1s a significant absorber of energy when electrosur-
gical energy interacts with tissue. As a first approximation,
the equilibrium temperature of saturated water and steam at
the local pressure within the reactive region 18 can be used to
estimate the minimum temperature that tissue 1n this region 1s
exposed to during electrosurgery. For example, the estimated
range of forces applied to blades by a user during an incision
of tissue 1s about 0.15 N/mm to about 0.625 N/mm, where
N/mm 1s Newtons per millimeter of blade movement through
the tissue. If a blade has a blunt (approximately tlat) profile
facing the tissue (as 1s the case with the broad parabolic
profile illustrated 1n FIG. 2) with a width of about 0.0508 mm
(0.002 1nches), then the pressure applied to the tissue when
the applied force 1s 0.2 N/mm will be approximately 3.94
N/mm (3.94 MPA). At this pressure water boils to steam at
about 250° C. (482° F.), a temperature that 1s high enough for
tissue to pyrolyze and leave carbon-rich residues. Carbon-
rich residues are those in which at least some of the electro-
surgical decomposition products have a ratio of hydrogen
atoms to carbon atoms less than about 1. Such carbon-rich
residues are believed to be a major constituent of eschar.

The wider the contact surface in the primary reaction
region 18, the greater the likelihood that tissue 6 will contact
and momentarily stick to insulation 2 and the conductor edge
5, and thus, the greater the likelihood that materials will be
sealed briefly 1n fixed volumes (e.g., pockets). As electrosur-
gical energy flows into a sealed volume within the reaction
region 18, the equilibrium temperature will increase as pres-
sure increases until the pressure reaches a point sufficiently
high to burst through the seal of tissue stuck to the blade.
Therefore, wide contact surfaces tend to lead to localized high
pressure and high temperature regions as well as increase the
time that electrosurgical decomposition products reside
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within the vicinity of the primary reaction region 18. Various
embodiments use blade geometries that prevent local tem-
peratures proximate to the conductor edge 5 from exceeding
about 190° C. based upon saturated steam conditions and
assuming an applied usage pressure of 0.2 N/mm. Some

embodiments use blade geometries that limit the pressure on
the edge of the blade to less than about 1.2 MPa.

Referring to FIG. 3, some embodiments use blade geom-

etries which include an edge depth 20 of about 0.254 mm
(0.010 1nches) with a blade edge halt width 21 of less than
about 0.5 mm (0.02 inches) In a further embodiment, the
blade edge half width 21 1s less than about 0.25 mm (~0.01
111c_1es) and 1n yet another embodiment the blade edge half
width 21 1s less than about 0.12 mm (~0.0035 inches).

To achieve reaction conditions that lead to reduced smoke
and eschar, blade profiles can be used that are generally
tapered 1n the vicinity of the edge conductor such that a
tangent to the insulation at the conductor edge forms an acute
angle 8 (i.e., less than 90 degrees) with the centerline of the
blade as shown 1n FIGS. 6 and 8. Blade profiles with an acute
insulation angle 8 are preferred over profiles that are of an
approximately parabolic form as shown 1n FIG. 1. FIG. 4 and
FIG. § illustrate geometries where the outer blade profile
defined by insulation 2 1s shaped with more than a single
smooth curve and that join at the conductor edge 5.

FIG. 4 1illustrates an embodiment where the conductive
clement 1 1s surrounded by insulation 2 and the conductive
clement 1 has a concave taper 3 that results 1n a narrow
conductor edge 5. In the embodiment illustrated in FIG. 4, the
insulation 2 covering the conductive element 1 reduces 1n
thickness toward the narrow edge until the conductive ele-
ment metal 1s exposed forming the conductor edge 5. In this
embodiment, the mnsulation 2 has an insulation taper 4 that
also has a generally concave shape defined by the curves that
smoothly terminate at the conductor edge 5. This geometry
presents few opportunities for tissue to press against the edge
ol the blade to form seals or tortuous paths compared with the

blade profile shown 1n FIG. 1.

FIG. 5 1llustrates an embodiment similar to that shown 1n
FIG. 4 except that the conductive element taper 3 and 1nsula-
tion taper 4 are approximately linear (1.e., flat) instead of
being concave. As with the embodiment shown 1n FIG. 4, the
geometry of the embodiment shown 1n FIG. 5 provides Iittle
opportunity for tissue to press against the edge of the blade
and form seals or tortuous paths compared to the blade geom-
etry shown 1n FIG. 1. Other embodiments include an insula-
tion taper formed such that the surface of the insulation fol-
lows more than one curve defining the isulation taper 1n the
vicinity of the conductor edge 5.

FIG. 6 illustrates a blade embodiment that includes an
acute isulation angle 8. The insulation angle 1s the angle
formed between a line tangent to the insulation bevel 4 at the
conductor edge 5 and a line parallel to the centerline of the
blade edge 5. FIG. 7 illustrates the insulation angle 8 that
occurs when the mnsulation taper 4 1s be characterized by a
single continuous smooth curve (a broad parabola in this
case) compared to FIG. 6 where the mnsulation angle 8 that
occurs 1s characterized by two curves (flat lines 1n this case)
that essentially intersect at the conductor edge 5. FIG. 8
illustrates the case where the insulation 2 transitions from one
curve to another before two separate curves intersect near the
conductor tip 5 forming an acute insulation angle 8.

In the various embodiments, the insulation angle 8 should
be less than 90 degrees, and preferably should be less than
about 60 degrees, more preferably less than about 50 degrees,
and still more preferably less than about 45 degrees.
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A number of geometries for the taper portion can be
employed to achieve an insulation angle of less than 90
degrees. FIG. 3 illustrates a narrow parabola geometry with
an acute msulation angle. FIG. 4 1llustrates a concave geom-
etry which results 1n an acute msulation angle. FIGS. 5 and 6
illustrate a flat (1.e., linear) taper with an acute insulation
angle. FI1G. 8 1llustrates a two-curve geometry resulting 1n an
acute mnsulation angle. F1G. 9 1llustrates a blade cross-section
that has an insulation taper 4 that 1s concave. FIG. 9 also
illustrates a conductive element 1 with a concave tapered
region 3 that reduces down to form the conductor edge 5.
Embodiments with conductive elements that have substan-
tially concave tapers down to the edge facilitate the produc-
tion of an outer mnsulation profile that 1s also concave as FIG.
9 1llustrates.

The blade thickness profile embodiments illustrated in
FIGS. 1-9 can be used for a cutting blade with a planar shape
similar to a scalpel, in which case the width of the blade would
extend out of the page. Additionally, thickness profile
embodiments 1llustrated 1n FIGS. 1-9 can be used with a
needle electrode, in which case the width extending out of the
page would be approximately equal to the thickness profile,
an example of which 1s illustrated 1n FIG. 14.

Restricting the amount of time that tissue and electrosur-
gical decomposition products are exposed to electrosurgical
energy reduces the amount of eschar and smoke produced and
reduces the amount of tissue damage. When the edge of blade
contacts tissue for a period of time longer than 1s necessary to
achieve the predetermined surgical etlect, such as cutting,
then more smoke and eschar are produced and more tissue
damage occurs. The various embodiments include msulation
2 over the conductive element 1 which insulates the outside of
the blade except for the exposed conductor edge 5, as has been
illustrated 1n FIGS. 1-9. The insulation 2 restricts the flow of
clectrosurgical energy from the conductive element 1 to the
tissue 6 except at the conductor edge 5. To serve this function,
the insulation 2 needs to be of an adequate dimension so as to
restrict or prevent the tlow electrosurgical energy. However,
too much msulation may make the blade width excessive.

The conductive element 1 both conveys electrical energy to
the conductor edge 5 and conducts thermal energy away from
the conductor edge 5 to help keep the blade relatively cool.
Makmg the conductor edge 5 thick would facilitate conduct-
ing heat away from the edge, but if the edge 1s too thick then
more sealing of tissue against the edge can occur with the
coincident increase 1n smoke and eschar production and tis-
sue damage. The ability of the conductive element 1 to
remove thermal energy from the conductor edge 5 depends on
the thermal conductivity of the material from which 1t 1s
made. This relationship between thermal conductivity and the
width of the edge can be expressed as the product of thermal
conductivity and the width of the conductor edge 5, such that
a poorer thermal conductor needs a wider path than a better
thermal conductor. As used herein, the term “thermal path
conductance” refers to the product of the conductive element
maternal’s thermal conductivity and the width of the thermal
flow path, where the thermal conductivity 1s measured 1n
W/m® K at about 300° K and the width 1s measured in meters,
leading to the units of thermal path conductance being W/° K.
The various embodiments can have a thermal path conduc-
tance at the conductor edge of at least 0.0002 W/° K, prefer-
ably of at least 0.0003 W/° K, more preferably of at least
0.0006 W/° K, and still more preferably of at least 0.001 W/°
K. For example, 1 the thermal path width 1s 0.0005 inches
(1.27E-5 m) and the material used 1s molybdenum having a
thermal conductivity of about 138 W/m/° K, then the thermal
path conductance 1s about 0.00175 W/° K. In a blade having
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a planar configuration like a scalpel, the width of the thermal
path will be the thickness of the blade at the edge.

To reduce the amount of tissue heated, the electrosurgical
energy 1s focused 1n the various embodiments. One method of
focusing the energy 1s to imnsulate the blade except for an
exposed edge. Preferably, the exposed conductor edge 5 of
the conductive element 1 1s flush with the insulation layer 2 so
as to avoid any recessed pockets and an unnecessarily broad
reaction area such as formed if the electrode 1s recessed 1nto
a pocket in the insulation, the edge 1s coated with an insulator,
or the edge 1s rounded. In some embodiments, the conductor
edge 5 adjoins the isulating layer 2 to form a singular tapered
exterior surface. Focusing electrosurgical energy 1s further
facilitated by having a narrow conductor edge 5.

A flush, non-recessed conductor edge 3 further facilitates
the electrosurgical process beyond the focus of electrosurgi-
cal energy. I the conductor edge 1s recessed within the 1nsu-
lation, then a pocket exists where tissue or electrosurgical
decomposition products can accumulate and remain exposed
for long durations to electrosurgical energy, thus promoting
continued pyrolysis and electropyrolysis. In an embodiment,
no pockets or recesses should exist where tissue or electro-
surgical decomposition products can accumulate. Therefore,
gaps or recesses between the conductor edge and the 1nsula-
tion are avoided in various embodiments. By adjoining the
conductor edge with the insulating layer to form a flush exte-
rior tapered surface with no gaps or recesses, the singular
exterior tapered surface can take on a strictly convex shape
immediately adjacent to the conductor edge. This embodi-
ment reduces or eliminates opportunities for trapping tissue
during use. Away from the conductor edge the profile of the
insulation taper can be concave. This embodiment reduces
residency time at high temperatures and reduces pressure
which reduces the equilibrium steam temperature.

In addition to avoiding gaps or recess between the conduc-
tor edge 5 and the insulation layer 2, the conductor edge 35
itsell should not have recesses 1n the conductive element
material that might promote the trapping of tissue or electro-
surgical decomposition products. Preferably the conductor
edge S 1s relatively smooth and does not have recesses along
its length or width, such sawtooth, gaps, pockets or holes that
are larger than about 32 microinches.

Embodiments of the invention include conductor edge
shapes that are pointed, terminate to an acute angle, or are flat.
Preferably, the shape of the conductor edge 5 1s not rounded.
Preferably the conductor edge has a thickness less than about
0.005 1nches, more preferably less than about 0.002 inches,
more preferably less than about 0.001 1nches, and even more
preferably about 0.0005 inches or less.

The thickness of the insulation layer, particularly at the
area proximate to the conductor edge, affects the overall
thickness of the edge of the blade. Enough insulation needs to
be present to restrict the rate of energy transier out the sides of
the blade 1nto tissue or electrosurgical decomposition prod-
ucts to prevent or reduce continued changes in those materi-
als. Restricting the rate of energy transifer out the sides is
particularly important near the conductor edge where tem-
peratures will be highest. If the insulation 1s thicker than
necessary to prevent continued changes 1n tissue or electro-
surgical decomposition products, then the blade will be wider
than necessary near the conductor edge, which increases the
opportunities for sealing tissue against the conductor edge or
the insulation near the conductor edge.

When conductive element 1 is tapered so that 1t 1s thinnest
at the conductor edge 5, as illustrated 1n FIGS. 1-9, the tem-
perature of the conductive element will decrease as the dis-
tance from the conductor edge 3 increases. Therefore, the
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thickest insulation needs to be near the conductor edge 5,
allowing the shape of the insulation 2 to have a tapered region
4 that needs to be no thicker than 1t 1s near the conductor edge
5. The thickness of the insulation at the conductor edge can be
at least one half of the thickness of the conductor edge and
more preferably at least equal to about the thickness of the
conductor edge. For example, 11 the conductor edge has a
thickness 01 0.001 inches then the insulation surrounding the
conductor edge can have a thickness of about 0.0005 1nches
and preferably has a thickness of about 0.001 inches.

The main portion of the conductive element 1 should be
thick enough to readily conduct heat away from the conductor
edge 5. The width of the conductive element 1 can have a
thickness betore the taper portion 3 that 1s at least about 5
times as thick as the conductor edge 5, more preferably at
least about 10 times as thick as the conductor edge S, and
more preferably at least about 20 times as thick as the con-
ductor edge 5. For example, if the conductor edge 1s 0.001
inches thick and the conductive element thickness before the
taper begins 1s 0.020 1nches, then the ratio of the thickness of
the conductive element to the thickness of the conductor edge
1s 20.

In addition to the edge geometry, the overall configuration
of the blade contributes the generation of excessive decom-
position products and increased tissue damage. For example,
FIG. 10 illustrates a blade connected to shait 11 that has blade
body 10 with intersecting conductor edges 13 that subtend
intersecting edge angle 14. In use, the blade produces the
predetermined surgical effect (e.g., cutting) when the blade 1s
moved through tissue in the direction indicated by arrow 12.
This blade configuration moving through tissue 6 1s 1llus-
trated 1n FIG. 11. As the blade 10 moves through tissue, an
clectrosurgically affected tissue region 16 1s created. As the
blade 10 moves through tissue 6, the leading corner 135
initially contacts the tissue near the bottom of the blade and
bottom edge 13a then continues to supply electrosurgical
energy to the already affected tissue as the blade 1s moved.
Thus, the bottom conductor edge 13a prolongs the residence
time that the tissue along bottom conductor edge 13a 1s
alfected by electrosurgical energy. The prolonged residence
time increases smoke and eschar production and increases
tissue damage. The intersecting edge angle 14 influences
whether such prolonged residence time occurs and the closer
that the angle 1s to 180 degrees (1.e., the less there 1s a trailing
edge) the less likely that prolonged residence time occurs. If
the intersecting edge angle 14 1s made more acute, the situa-
tion depicted 1 FIG. 12 occurs. While the residence time of
tissue near the trailing edge 15 1s reduced 1n the configuration
illustrated in FI1G. 12, the trailing conductor edge 15 follow-
ing the incision does continue supplying electrosurgical
energy to tissue 16 that has already been atfected by electro-
surgical energy delivered from the leading edge 13.

The intersecting conductor edges 13 1n FIGS. 10-12 pro-
vide a point of concentration for electrosurgical energy when
the blade first contacts tissue 6 facilitating starting an elec-
trosurgical effect such as cutting. Thus, such a concentration
1s desirable because 1t makes starting or controlling the elec-
trosurgical effect easier. In various embodiments, the inter-
secting conductor edges angle does not allow the blade to be
oriented during use such that tissue 1s exposed to an active
edge (and thus exposed to electrosurgical energy) for a pro-
longed residence time. In some embodiments, the intersect-
ing edge angle 1s obtuse, in some embodiments the intersect-
ing edge angle 1s greater than about 160 degrees, and 1n an
embodiment the intersecting edge angle 1s approximately
equal to about 180 degrees. The example embodiment geom-
etries 1llustrated 1n the figures show edges that are substan-
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tially straight. Other embodiments include edges that have
one or more curves, such as edges comprised of one or more
parts of ellipses, circles, parabolas, or hyperbolas, and edges
composed of a multiplicity of straight sections as well as
edges composed of one or more combinations of straight
sections and curves.

In an embodiment, only one conductor edge 1s present as
illustrated in F1G. 13. The single conductor edge 13 1s also the
leading edge 13c¢ that first transfers electrosurgical energy to
tissue 6 producing the electrosurgically atfected tissue region
16. The trailing edge 134 1s not a functional surface, 1.e., it
does not transier electrosurgical energy to tissue because 1t
does not have an exposed surface (conductor edge) capable of
transterring electrosurgical energy to tissue. The blade 1llus-
trated 1n FI1G. 13 comes to a region 13e where electrosurgical
energy 1s concentrated when the blade first contacts tissue 6.

In an embodiment the width of the blade 1s made suili-
ciently short so that the blade comes to a point without an
edge, such as 1llustrated 1n FI1G. 14. In this embodiment, the
point 17 may have a substantially (though not necessarily)
circular cross-section as it tapers from the body 10 to the tip
17. This embodiment is referred to herein as a needle elec-
trode since its width 1s approximately equal to 1ts thickness;
however, its cross section may be oblong, oval, square or
other shape in addition to, or istead of, circular and may be
comprised of one or more curves or portions of curves such as
cllipses, parabolas, or hyperbolas, possibly 1in conjunction
with one or more substantially straight sections or may be
comprised of a multiplicity of straight segments forming a
polygon, not necessarily a regular polygon. This profile need
not necessarily be strictly convex. Also, the profile may have
one or more openings or crevices passing at least partially
along the length of the needle.

FIGS. 15 and 16 1illustrate example needle electrode
embodiments having square (FIG. 15) and circular (FI1G. 16)
cross sectional shapes for the electrode body. As shown 1n
FIG. 15, the conductor electrode may have a first section 151
and a tapered section 133. In the embodiment shown 1n FIG.
15, each of the four sides of the square cross sectional tapered
section 1s beveled. However, any combination of sides may be
tapered and beveled. For example, only two opposing sides
may be beveled. In other embodiments, only one side or three
sides may be tapered and beveled. While FIG. 15 depicts the
tapered section having a concave shape, other shapes such as
a linear taper may be implemented. In addition, FIG. 15
shows the msulation layer 152 also having a tapered section
154. As shown in FIG. 15, the tapered section 154 of the
insulation layer 152 has a concave tapered shape on all four
sides. Other embodiments may have tapered sides only on the
sides corresponding to the tapered sides of the conductive
clement. Similarly, while FI1G. 15 depicts a concave shape to
cach of the tapered sides of the mnsulation layer’s tapered
section, other shapes may be employed, such as a linear taper
or a convex taper, so long as the insulation angle remains
acute. A primary reaction region 1s formed in the tip 155
where the tapered insulation layer 152 i1s disposed tlush
against the surface of the conductive tip 155. No recesses or
pools should exist between the msulation layer 152 and con-
ductive tip 155.

FIG. 16 illustrates an example embodiment of a needle
clectrode having a conductor electrode with a circular cross
section. In the example embodiment shown 1n FIG. 16, the
conductor electrode has a first section 161 and a tapered
section 163. As shown i FIG. 16, the tapered section 1s
circumierentially tapered. While FI1G. 16 depicts the tapered
section having a concave shape, other shapes such as a linear
taper may be implemented. In addition, FIG. 16 shows the
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insulation layer 162 also having a tapered section 164. As
shown 1n FIG. 16, the tapered section 164 of the nsulation
layer 162 1s circumierentially concave. While FIG. 16 depicts
a circumierentially concave shape of the insulation layer’s
tapered section, other shapes may be employed such as a
linear taper or a convex taper, so long as the msulation angle
remains acute. Other embodiments may employ a cylindrical
taper section formed on a {irst section having a non-cylindri-
cal cross section and vice versa. The taper of the msulation
layers may generally follow the taper of the conductive layer.
However, taper shapes of the msulation layer may vary so
long as the msulation angle remains acute.

In various embodiments, the blade has one or more con-
ductor edges configured so that they cause electrosurgical
energy to enter tissue only at the time when the blade first
encounters tissue that has not yet experienced the predeter-
mined electrosurgical effect. In some embodiments, the blade
has one or more conductor edges configured so that they have
a region that concentrates electrosurgical energy when the
blade first contacts tissue, such as in a region that approxi-
mates a point, and such blade has one or more conductor
edges configured so that they cause electrosurgical energy to
enter tissue only at the time when the blade first encounters
tissue that has not yet had the predetermined electrosurgical
alfect occur. For embodiments where the blade 1s to be used as
a scalpel for cutting and other electrosurgical functions, the
embodiments may have a single conductor edge that comes to
a point approximately.

By employing various embodiments, a higher crest factor
clectrosurgical energy can be used for the predetermined
surgical effect of cutting without excessive damage to tissue
or generation of smoke or eschar. Crest factor 1s the ratio of
peak voltage to the root mean square (RMS) voltage. During,
cutting, crest factors of less than about 5 and typically less
than about 3 are used. For a predetermined surgical effect of
moderate coagulation crest factors of about 4 to 5 are typi-
cally used. To achieve the predetermined surgical effect of
aggressive coagulation, crest factors greater than 8, typically
of about 9, are used. If cutting tissue 1s attempted with crest
factors that are too high, the cutting etffect will be very poor
and blades that do not incorporate features of the various
embodiments will immediately accumulate large masses of
adherent tissue that prevents further use until the blade 1s
cleaned. Thus, the drawbacks of conventional electrosurgical
blades prevent the use of high crest factors for cutting. By
focusing electrosurgical energy and reducing the residence
time during which tissue 1s exposed to electrosurgical energy
the various embodiments of the present invention allow use of
higher crest factors for cutting.

Using high crest factors for cutting enhances hemostasis.
Enhancing hemostasis 1s particularly beneficial when the tis-
sue being affected 1s highly vascularized, such as the liver.
One embodiment provides a blade that cuts with enhanced
hemostasis that comprises an 1nsulated conductive element
that tapers to one or more conductor edges that are at least
partially exposed such that they can transfer electrosurgical
energy to tissue and that have thermal path conductance that
1s at least 0.0002 W/° K, wherein the exposed edge 1s no
thicker than about 0.005 inches and the blade 1s connected to
an ESU configured to supply electrosurgical power with a
crest factor of 5 or larger.

In various embodiments, the outer mnsulating layer may
have a maximum thermal conductance of about 1.2 W/cm?° K
when measured at about 300° K, preferably about 0.12
W/cm=° K or less when measured at about 300 © K, and more
preferably about 0.03 W/cm*° K when measured at about
300° K. As used herein, thermal conductance refers to a
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measure of the overall thermal transfer across any given cross
section (e.g. of the insulation layer), taking into account both
the thermal conductivity of the matenals comprising such
layer and the thickness of the layer (1.e. thermal conductance
of layer=thermal conductivity of material comprising the
layer (W/cm® K. )/thickness of the layer (cm)).

In relation to the various embodiments, the insulation layer
should also exhibit a dielectric withstand voltage of at least
the peak-to-peak voltages that may be experienced by the
clectrosurgical mstrument during surgical procedures. The
peak voltages will depend upon the settings of the RF source
employed, as may be selected by climicians for particular
surgical procedures. In various embodiments, the insulation
layer should exhibit a dielectric withstand voltage of at least
about 50 volts, and more preferably, at least about 150 volts.
As used herein, the term “dielectric withstand voltage™ means
the capability to avoid an electrical breakdown (e.g. an elec-
trical discharge through the insulating layer) for electrical
potentials up to the specified voltage.

In some embodiments, the isulating or electrode bonding
layer may comprise a porous ceramic material that has had at
least the pores on the surface sealed to prevent or impede the
penetration of biological materials into the pores. Such
ceramic may be applied to the electrodes via dipping, spray-
ing, etc, followed by curing via drying, firing, etc. Preferably,
the ceramic nsulating layer should be able to withstand tem-
peratures of at least about 2000° F.

The ceramic 1nsulating layer may comprise various metal/
non-metal combinations, including for example composi-
tions that comprise the following: aluminum oxides (e.g.
alumina and Al,O;), zirconium oxides (e.g. Zr, O3), zirco-
nium nitrides (e.g. ZrN), zirconium carbides (e.g. ZrC), boron
carbides (e.g. B,C), silicon oxides (e.g. S10,), mica, magne-
sium-zircontum oxides (e.g. (Mg—Z7r)0;), zirconium-sili-
con oxides (e.g. (Zr—S1)0,), titamium oxides (e.g., T10,)
tantalum oxides (e.g. Ta,O;), tantalum nitrides (e.g. TalN),
tantalum carbides (e.g., TaC), silicon mitrides (e.g. S1;N,),
s1licon carbides (e.g. S1C), tungsten carbides (e.g. WC) tita-
nium nitrides (e.g. TiN), titanium carbides (e.g., T1C), nio-
bium nitrides (e.g. NbN), niobium carbides (e.g. NbC), vana-
dium nitrides (e.g. VN), vanadium carbides (e.g. VC), and
hydroxyapatite (e.g. substances containing compounds such
as 3Ca, (PO,), Ca(OH), Ca, ,(PO,)s (OH), Cas(OH)(PO,)s,
and Ca,, H, O, P,). One or more ceramic layers may be
employed, wherein one or more layers may be porous, such as
holes filled with one or more gases or vapors. Such porous
compositions will usually have lower thermal conductivity
than nonporous materials. An example of such materials 1s
foam, such as an open cell silicon carbide foam. Such porous
materials have the disadvantage that they allow fluids, vapors,
or solids to enter the pores whereby they are exposed to
prolonged contact with high temperatures which can lead to
thermal decomposition or oxidation and produce smoke or
other noxious or possibly dangerous materials. Sealing the
surface of the ceramic prevents such incursions, while sub-
stantially preserving the beneficial reduced thermal conduc-
tivity of the pores.

Ceramic coatings or electrode bonding materials may also
be formed 1 whole or part from preceramic polymers that
when heated form materials containing Si1-0 bonds able to
resist decomposition when exposed to temperatures 1n €xcess
of 1200° F., including compositions that use one or more of
the following as preceramic polymers: silazanes, polysil-
zanes, polyalkoxysilanes, polyureasilazane, diorganosilanes,
polydiorganosilanes, silanes, polysilanes, silanols, siloxanes,
polysiloxanes, silsesquioxanes, polymethylsilsesquioxane,
polyphenyl-propylsilsesquioxane, polyphenylsilsesquiox-
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ane, polyphenyl-vinylsilsesquioxane. Preceramic polymers
may be used to form the ceramic coating by themselves or
with the addition of morganic fillers such as clays or fibers,
including those that contain silicon oxide, aluminum oxides,
magnesium oxides, titantum oxides, chrome oxides, calctum
oxides, or zirconium oxides.

Ceramic coatings may also be formed by mixing one or
more colloidal silicate solutions with one or more filler mate-
rials such as one or more fibers or clays. The filler materials
can contain one or more materials that have at least 30 percent
by weight Al,O; or S10,, either alone or combined with other
elements, such occurs 1n kaolin or talc. The colloidal silicate
and filler mixture may optionally contain other substances to
improve adhesion to electrode surfaces or promote producing
a sealed or hydrophobic surface. Representative examples of
colloidal silicate solutions are alkali metal silicates, including
those of lithitum polysilicate, sodium silicate, and potassium
silicate, and colloidal silica. Fibers may include those that
contain in part or wholly alumina or silica or calcium silicate,
and Wollastonite. Clays may include those substances that are
members of the smectite group of phyllosilicate minerals.
Representative examples of clay minerals include bentonite,
talc, kaolin (kaolinite), mica, clay, sericite, hectorite, mont-
morillonite and smectite. Various embodiments use at least
one of kaolin, talc, and montmorillonite. These clay minerals
can be used singly or 1n combination. In various embodi-
ments, at least one dimension, such as diameter or particle
size, of at least one of the filler materials has a mean value of
less than 200 micrometers and more preferably has a mean
value of less than 50 micrometers and even more preferably
has a mean value of less than 10 microns and still more
preferably has a mean value less than 5 microns Substances
that may be added to promote adhesion or production of a
sealed or hydrophobic surface include those that increase the
pH of the mixture, including sodium hydroxide or potassium
hydroxide, and hydrolysable silanes that condense to form
one or more cross-linked silicone-oxygen-silicon structures.

Sealing a porous msulator 1s accomplished not by coating
the ceramic 1n the sense that electrosurgical accessories have
been coated with PTFE, silicone polymers and other such
materials. Best surgical performance occurs when accesso-
ries are thin, therefore pores are best filled by a material that
penetrates the surface of the porous material and seals the
pores. Some residual material may remain on the surface, but
such material 1s incidental to the sealing process.

Sealing materials need to withstand temperatures exceed-
ing 400° F. and more preferably withstand temperatures
exceeding 600° F. Silicates and solutions containing or form-
ing silicates upon curing can be used. Other materials may be
used, including silicone and fluorosilicones. For sealing, the
materials need to have low viscosity and other properties that
enable penetration into the surface of the porous insulator.
Traditional silicone and {fluorosilicone polymer-forming
compounds do not have these properties unless they are
extensively diluted with a thinning agent, such as xylene or
acetone.

A sealed porous 1nsulation may be employed to yield an
average maximum thermal conductivity of about 0.006
W/cm-° K or less where measured at 300° K. The msulating
layer outside of the blade may have a thickness of between
about 0.001 and 0.2 inches, and preferably between about
0.005 and 0.100 inches and more preferably between about
0.005 and 0.050 1nches.

A coating that 1s applied as a single substance that upon
curing does not require sealing may also be used for the outer
insulation or as the bonding material between electrodes.
Examples of such coatings imnclude those formed from mix-
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tures that use one or more of the atorementioned colloidal
silicates and clays and also use one or more substances that
reduce the surface free energy of the surface. Substances that
reduce the surface free energy include: halogenated com-
pounds, fluoropolymer compounds, such as PTFE and PFA,
including aqueous dispersions of such compounds; and orga-
nofunctional hydrolysable silanes, including those contain-
ing one or more fluorine atoms on one or more pendant carbon
chains.

In some embodiments, a hydrolysable silane 1s a compo-
nent 1n the coating or in the insulating material between
clectrodes, with the hydrolysable silane having one or more
halogen atoms and having a general formula of CF;(CF,),
(CH2) S1(OCH,CH,), where m 1s preferably less about 20
and more preferably about 5 or less and where n 1s preferably
about 2. Other groups besides (OCH,CH,),, such as those
based on ethyl groups, may be used and fall within the scope
ol the various embodiments when they also are hydrolysable.
Other halogens, such as chlorine, may be substituted for the
fluorine, although these will typically produce inferior
results.

Preferably, the surface energy (also referred to as the sur-
face tension or the surface free energy) of the coating 1s less
than about 32 millinewtons/meter and more preferably less
than about 25 millinewtons/meter and even more preferably
less than about 15 millinewtons/meter and yet more prefer-
ably less than about 10 millinewtons/meter.

In an embodiment, the conductive elements or conductor
edges or both of the electrosurgical instrument may be con-
figured to have a thermal conductivity of at least about 0.35
W/cm® K when measured at about 300° K. By way of
example, the conductive elements or conductor edges or both
may comprise at least one metal selected from the group
including: silver, copper, aluminum, gold, tungsten, tanta-
lum, columbium (1.e., niobium), and molybdenum. Alloys
comprising at least about 50% (by weight) of such metals may
be employed, and even more preferably at least about 90%
(by weight). Additional metals that may be employed in such
alloys 1include zinc.

In various embodiments, at least a portion of the conductor
edge 1s not isulated (1.e. not covered by the outer insulating
layer). In connection therewith, when the conductor edge
comprises copper, the exposed portion may be coated or
plated (e.g. about 10 microns or less) with a biocompatible
metal. By way of example, such biocompatible metal may be
selected from the group including: mickel, silver, gold,
chrome, titanium tungsten, tantalum, columbium (1.e., nio-
bium), and molybdenum.

In some embodiments, the conductive element, conductor
edge, or both may comprise two or more layers of different
materials. More particularly, at least a first metal layer may be
provided to define at least part of the conductor edge that 1s
functional to convey electrosurgical energy to tissue as
described above. Such first metal layer may comprise a metal
having a melting temperature greater than about 2600° F.,
preferably greater than about 3000° F., and more preferably
greater than about 4000° F., thereby enhancing the mainte-
nance of a desired peripheral edge thickness during use (e.g.
the outer extreme edge noted above). Further, the first metal
layer may have a thermal conductivity of at least about 0.35
W/cm® K when measured at 300° K.

For living human/animal applications, the first metal layer
may comprise a first material selected from a group includ-
ing: tungsten, tantalum, columbium (1.e., miobium), and
molybdenum. All of these metals have thermal conductivities
within the range of about 0.5 to 1.65 W/cm® K when mea-
sured at 300° K. Alloys comprising at least about 50% by
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weight of at least one of the group of materials may be
employed, and even more preferably at least about 90% by
weight.

In addition to the first metal layer, the conductive element
may further comprise at least one second metal layer on the
top and/or bottom of the first metal layer. A first metal layer as
noted above can be provided in a laminate arrangement
between top and bottom second metal layers. To provide for
rapid heat removal, the second metal layer(s) preferably has a
thermal conductivity of at least about 2 W/cm® K. By way of
example, the second layer(s) may advantageously comprise a
second material selected from the group including: copper,
gold, silver and aluminum. Alloys comprising at least about
50% of such materials may be employed, and even more
preferably at least about 90% by weight. It 1s also preferable
that the thickness of the first metal layer and of each second
metal layer (e.g. for each of a top and bottom layer) be
between about 0.001 and 0.25 inches, and even more prefer-
ably between about 0.005 and 0.1 inches.

One or more of the conductor edges may be plated with
gold or silver or alloys thereof to confer added oxidation
resistance to the portions of the electrodes exposed to tissue or
current flow or both. Such plating may be applied using
clectroplating, roll-bonding or other means either after
assembly or prior to assembly of the electrodes to form
blades. The plating thickness can be at least about 0.5
micrometers and preferably at least about 1 micrometer.

As may be appreciated, multi-layered metal bodies of the
type described above may be formed using a variety of meth-
ods. By way of example, sheets of the first and second mate-
rials may be roll-bonded together then cut to size. Further,
processes that employ heat or combinations of heat and pres-
sure may also be utilized to yield a laminated electrode.

In some embodiments, the electrosurgical mnstrument may
turther comprise a heat sink for removing thermal energy
from the conductor edge, conductive element, or both. In this
regard, the provision of a heat sink helps establishes a thermal
gradient for conducting heat away from the conductor edge,
thereby reducing undesired thermal transier to a tissue site.
More particularly, 1t 1s preferable for the heat sink to operate
sO as to maintain the maximum temperature on the outside
surface of the insulating layer at about 160° C. or less, more
preferably at about 80° C. or less, and most preterably at 60°
C. or less. Relatedly, it 1s preferable for the heat sink to
operate to maintain an average conductive element tempera-
ture of about 500° C. or less, more preterably of about 200° C.
or less, and most preferable of about 100° C. or less.

In an embodiment, the heat sink may comprise a vessel
including a phase change material that either directly contacts
a portion of the electrodes (e.g. a support shaft portion) or that
contacts a metal interface provided on the vessel which 1s 1n
turn 1n direct contact with a portion of the electrodes (e.g. a
support shaft portion). Such phase change material changes
from a first phase to a second phase upon absorption of
thermal energy from the electrodes. In this regard, the phase
change temperature for the material selected should prefer-
ably be greater than the room temperature at the operating
environment and suificiently great as to not change other than
as a consequence of thermal heating of the electrosurgical
mstrument during use. Such phase change temperature
should preferably be greater than about 30° C. and most
preferably at least about 40° C. Further, the phase change
temperature should be less than about 225° C. Most prefer-
ably, the phase change temperature should be less than about
85° C.

The phase change may be either from solid to liquad (1.e.,
the phase change 1s melting) or from liquid to vapor (1.e., the
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phase change 1s vaporization) or from solid to vapor (1.e., the
phase change 1s sublimation). More practical phase changes
to employ are melting and vaporization. By way of example,
such a phase change material may comprise a material that 1s
an organic substance (e.g., fatty acids, such as stearic acid,
hydrocarbons such as parailins) or an 1norganic substance
(e.g., water and water compounds containing sodium, such
as, sodium silicate (2-)-5-water, sodium sulfate-10-water).

In an embodiment, the heat sink may comprise a gas tlow
stream that passes in direct contact with at least a portion of
the electrodes. Such portion may be a peripheral edge portion
and/or a shaft portion of the electrodes that 1s designed for
supportive interface with a holder for hand-held use. Alterna-
tively, such portion may be interior to at least a portion of the
clectrodes, such as interior to the exposed peripheral edge
portion and/or the shaft portion of the electrodes that 1s
designed for supportive iterface with a holder for hand-held
use. In yet other embodiments, the heat sink may simply
comprise a thermal mass (e.g. disposed 1n a holder).

In an embodiment, an electrosurgical mstrument com-
prises a main body portion having a needle-like configuration
at a first end and an integral, approximately cylindrical shaft
at a second end. The main body may comprise a highly-
conductive metal and/or multiple metal layers as noted. At
least a portion of the flattened needle end of the main body can
be coated with a ceramic-based and/or silicon-based, poly-
mer mnsulating layer, except for the peripheral edge portion
thereof. The cylindrical shait of the main body can be
designed to fit within an outer holder that can be adapted for
hand-held use by medical personnel. Such holder may also
include a chamber comprising a phase-change maternal or
other heat sink as noted hereinabove. Additionally, one or
more control elements, such as buttons or switches, may be
incorporated into the holder for selectively controlling power
or other aspects of the device’s operation, such as the appli-
cation of one or more, predetermined, electrosurgical signal
(s) from an RF energy source to the blade via the shaift of the
main body portion.

In some embodiments, the conductive element with its
surrounding insulation are provided as a needle electrode 40,
which may be a single use sterile disposable, that 1s config-
ured to be coupled to a holder or handle 21 which may be
reusable or a single use device, such as illustrated 1n FIG. 17.
In some embodiments, the conductive element with 1ts sur-
rounding insulation 1s fixedly coupled holder as disposable
clectrosurgical assembly 20, such as 1llustrated in FIG. 17. In
such embodiments, the needle 40 includes electrical connec-
tor surfaces on the proximal end (1.e., the end of the electrodes
closest to the handle 1n use) suitable for electrically connect-
ing to compatible electrical connector surfaces 22, such as a
sleeve or socket within the holder or handle 21. The connector
22 surfaces may also serve as a mechanical coupling so that
by inserting the needle 40 into the holder connector 22, the
needle 40 1s rigidly held by the handle 21. Similarly, the
connector 22 or handle 21 may include a disconnection
mechanism to allow the needle 40 to be readily disconnected
from the handle 21. An electrical connector 23 on the handle
21 can be provided to connect, such as by means of a cable 29,
to an ESU or similar source of radio frequency (RF) AC
power. An internal conductor 24 conducts the RF power from
the connector 23 at one end of the handle 21 to the needle
connector 22 at the other end of the handle 21. Electrical and
thermal 1nsulation 25 can be provided to 1solate power being
conducted in the internal conductor 24 from the handle exte-
rior 26, thereby protecting the climician using the assembly.
The needle connector 22 may also include electrical 1nsula-
tion to electrically 1solate the needle 40 from the handle
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exterior 26. Control elements 27, 28 may be provided on the
handle 21 to enable a user to activate, deactivate and other-
wise control power provided by the ESU or RF power source.
The handle 21 may be shaped to enable a user to comfortably
hold or otherwise manipulate the assembly 20, provided with
a surface material or surface texture, such as roughening, to
enhance a user’s grip and other ergonomic features to aid a

clinician 1n manipulating the electrosurgical assembly 20.
The handle 21 may be reusable or disposable. A cable 29

connectable to the connector 23 and fitted with a suitable
clectrical plug 30 can be used to electrically couple the assem-
bly to the ESU. The cable 29 may be reusable or disposable.
In an embodiment, the cable 29 and plug 30 are included as
part of the disposable electrosurgical assembly 20. In an
embodiment including one or more control elements 27, 28
on the handle 21, electronic connectors may be provided
within cable 29 for relaying control signals to the ESU.

In some embodiments including single use disposable
needles, a single use sterile disposable needle can be sealed in
a sterile package, which may include a single use sterile
handle and/or instructions for assembly and use, to provide an
clectrosurgical kit to be opened at the time surgery is to be
performed. In embodiments including disposable electrosur-
gical mstrument assemblies, the disposable electrosurgical
assembly 20 can be sealed 1n a sterile package, which may
include a connector cable 29 and/or instructions for assembly
and use, to provide an electrosurgical kit to be opened at the
time surgery 1s to be performed.

Conventional electrosurgical signals may be advanta-
geously employed in combination with one or more of the
above-noted electrosurgical instrument embodiments. In par-
ticular, the mventive electrosurgical mstrument yields ben-
efits when employed with electrosurgical signals and associ-
ated apparatus of the type described i U.S. Pat. No. 6,074,
387, hereby incorporated by reference 1n its entirety.

The apparatus and methods for reducing smoke, eschar,
and tissue damage according to various embodiments may be
applied 1n conjunction with other methods for reducing the
local heating that promotes the excessive electrosurgical tis-
sue decomposition which leads to smoke, eschar, and tissue
damage. Such additional methods for reducing local heating
include providing for an effective level of heat removal away
from functional portions of an electrosurgical instrument and/
or by otherwise enhancing the localized delivery of an elec-
trosurgical signal to a tissue site, such as by reducing the
exposed areas of erther or both functional and nonfunctional
areas by using thermal 1nsulation.

While the present invention has been disclosed with refer-
ence to certain preferred embodiments, numerous modifica-
tions, alterations, and changes to the described embodiments
are possible without departing from the sphere and scope of
the present invention, as defined in the appended claims.
Accordingly, 1t 1s intended that the present invention not be
limited to the described embodiments, but that 1t have the full
scope defined by the language of the following claims, and
equivalents thereofl.

We claim:

1. An electrosurgical instrument for conveying electrosur-
gical power to tissue to achieve a predetermined electrosur-
gical effect, comprising:

an electrically conductive needle element having a first

section and a first tapered section tapering towards and
terminating at a distalmost conductor tip;

an 1nsulation layer having a second tapered section gener-

ally following the contours of and overlaying the con-
ductive needle element and at least a portion of the first
tapered section such that the distalmost conductor tip 1s
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exposed while the insulation layer overlays the remain-
der of the electrically conductive needle element; and

an electrical coupling surface for electrically coupling the
clectrically conductive element to a handle.

2. The electrosurgical instrument as recited 1 claim 1,
wherein the 1nsulation layer covers the first tapered section
except for exposing the conductor tip to expose the conductor
t1ip forming a primary reaction region.

3. The electrosurgical instrument as recited in claim 1,

wherein the thickness of the conductor tip 1s less than that of
the first section.

4. The electrosurgical instrument as recited in claim 2,
wherein the conductor tip 1s flush with the insulating layer
within the primary reaction region.

5. The electrosurgical instrument as recited 1n claim 4,

wherein at least a portion of the first tapered section com-
prises at least one beveled surface.

6. The electrosurgical instrument as recited i1n claim 4,
wherein at least a portion of the first tapered section com-
prises at least two beveled surfaces.

7. The electrosurgical instrument as recited 1n claim 4,
wherein at least a portion of the first tapered section com-
prises at least three beveled surfaces.

8. The electrosurgical instrument as recited in claim 4,
wherein at least a portion of the first tapered section com-
prises at least four beveled surfaces.

9. The electrosurgical instrument as recited in claim 4,
wherein at least a portion of the first tapered section 1s
approximately circumierentially beveled.

10. The electrosurgical mnstrument as recited 1 claim 4,
wherein at least a portion of the first tapered section has a
concave shape.

11. The electrosurgical instrument as recited in claim 5,
wherein at least a portion of the second tapered section has a
concave shape overlaying the beveled surface.

12. The electrosurgical instrument as recited in claim 8,
wherein the at least a portion of second tapered section has a
concave shape overlaying the four beveled surfaces.

13. The electrosurgical instrument as recited n claim 9
wherein the at least a portion of second tapered section has a

circumierentially concave shape overlaying the beveled sur-
face.

14. The electrosurgical mnstrument as recited 1 claim 3,
wherein at least a portion of the second tapered section 1nsu-
lation layer has a linear taper shape overlaying the beveled
surtace.

15. The electrosurgical mstrument as recited 1 claim 8,
wherein at least a portion of the second tapered section has a
linear taper shape overlaying the four beveled surfaces.

16. The electrosurgical instrument as recited in claim 9
wherein at least a portion of the second tapered section has an
approximately circumferentially linear shape overlaying the
beveled surface.

17. The electrosurgical instrument as recited in claim 4,
wherein at least a portion of the second tapered section 1nsu-
lation layer has a convex taper shape overlaying the beveled
surface.

18. The electrosurgical mstrument as recited 1 claim 8,
wherein at least a portion of the second tapered section has a
conveXx taper shape overlaying the four beveled surfaces.

19. The electrosurgical instrument as recited n claim 9
wherein at least a portion of the second tapered section has an
approximately circumierential convex shape overlaying the
beveled surface.
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20. The electrosurgical instrument as recited in claim 13,
wherein a tangent to the msulation at at least a portion of the
conductor tip forms an angle with a centerline of the needle 1s
less than about 60 degrees.

21. The electrosurgical instrument as recited 1n claim 13,
wherein a tangent to the msulation at at least a portion of the
conductor tip forms an angle with a centerline of the needle 1s
less than about 45 degrees.

22. The electrosurgical instrument as recited 1in claim 13,
wherein a tangent to the msulation at at least a portion of the
conductor tip forms an angle with a centerline of the needle 1s
less than about 20 degrees.

23. The electrosurgical instrument as recited in claim 1,
wherein the conductor tip has a thermal conductivity charac-
teristic of at least 0.0002 W/° K.

24. The electrosurgical instrument as recited in claim 3,
wherein at least a portion of the conductor tip has a transverse
cross section that forms an acute angle.

25. The electrosurgical instrument as recited 1 claim 3
wherein at least a portion of the conductor tip has a thickness
less than about 0.005 inches.

26. The electrosurgical instrument as recited in claim 3,
wherein at least a portion of the conductor tip has a thickness
less than about 0.002 i1nches.

277. The electrosurgical instrument as recited in claim 3,
wherein at least a portion of the conductor tip has a thickness

less than about 0.0005 inches.

28. The electrosurgical instrument as recited in claim 2,
wherein at least a portion of the thickness of the msulation
layer within the primary reaction region 1s at least one half the
thickness of the conductor tip.

29. The electrosurgical instrument as recited in claim 2,
wherein at least a portion of the thickness of the msulation
layer within the primary reaction region 1s at least as thick as
the conductor tip.

30. The electrosurgical instrument as recited 1n claim 3
wherein the ratio of width of a first section to the conductor tip
1s at least 3:1.

31. The electrosurgical instrument as recited 1 claim 3
wherein the ratio of width of a first section to the conductor tip
1s 20:1.

32. The electrosurgical mstrument as recited 1n claim 1,
wherein at least a portion of the cross section of the first
section 1s circular.

33. The eclectrosurgical instrument as recited 1 claim 1
wherein at least a portion of the cross section of the first
section 1s a polygon.

34. The electrosurgical mstrument as recited 1n claim 4,
wherein at least a portion of each side of the first tapered
section extends radially inward and proximately intersects
with one another at the conductor tip.

35. The electrosurgical mstrument as recited 1n claim 4,
wherein at least a portion of each side of the first tapered
section extends linearly mward and proximately intersect
with one another at the conductor tip.
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36. The clectrosurgical instrument as recited 1 claim 4,
wherein at least a portion of each side of the second tapered
section extends radially inward and proximately intersects
with one another at the conductor tip.

37. The electrosurgical istrument as recited 1n claim 4,
wherein at least a portion of each side of the second tapered
section extends linearly mward and proximately intersect
with one another at the conductor tip.

38. The electrosurgical instrument as recited 1n claim 4,
wherein at least a portion of each side of the second tapered
section extends radially outward and proximately intersect
with one another at the conductor tip.

39. The clectrosurgical instrument as recited 1 claim 4,
wherein a tangent to the msulation at at least a portion of the
conductor tip forms an angle with a centerline of the needle 1s
less than about 45 degrees.

40. The electrosurgical mstrument as recited 1n claim 4,
wherein a tangent to the msulation at at least a portion of the
conductor t1p forms an angle with a centerline of the needle 1s
less than about 20 degrees.

41. The electrosurgical instrument as recited 1n claim 1,
wherein the handle 1s removably electrically and mechani-
cally coupled to the electrically conductive element as a unait.

42. The electrosurgical instrument as recited in claim 41,
turther comprising a connector for electrically connecting the
handle to a source of radio frequency power.

43. The electrosurgical instrument as recited 1n claim 41,
turther comprising a cable electrically couple to the handle
and configured for electrically connecting the handle to a
source of radio frequency power.

44. A sterile package kit for use in performing an electro-
surgical procedure, comprising;:

a sterile package;

a electrosurgical instrument sealed within the sterile pack-
age, the electrosurgical mstrument comprising an elec-
trically conductive needle element having a first section
and a first tapered section terminating at a distalmost
conductor tip;

an mnsulation layer having a second tapered section over-
laying the conductive needle element which tapers on all
sides of the first tapered section to expose the distalmost
conductor tip forming a primary reaction region while
the msulation layer overlays the remainder of the elec-
trically conductive needle element;

a handle sealed within the sterile package and coupled to
the electrically conductive element; and

an electrical connector sealed within the sterile package
and configured to be coupled to the handle and config-
ured to electrically couple the electrosurgical instrument
to a radio frequency power source.

45. The sterile package kit according to claim 44, further
comprising printed instructions informing a user how to
securely couple the electrosurgical mstrument to the radio
frequency power source.
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